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Sewage Robot with Multi Degree of Freedom Cutting Tool 
Kanazawa University Hodaka AMAGATA, Hiroaki SEKI, Yoshitsugu KAMIYA, Masatoshi HIKIZU 
Necessity of the repairing deteriorated sewage pipes is increasing in current Japan, however, the conventional way of digging 
and changing their pipes takes much time and money. Therefore, development of sewage robots for working without digging 
up a pipe have been progressed. However robots in practical use have some problems. They can’t do complex task, because 
tool part can move only up and down or back and forth. In this study, we propose and develop a new robot working in the 






























































 Fig2 に示すように，手先工具の位置姿勢を P= (x, y, θ)とする．
まず，P から 2組の 2自由度リンクの先端を求め，幾何学的関
係より各関節角
41～θ を出す．次に，各関節角に一定のバネ定数
k を仮定し，P を dx, dy, dθ だけ微小変化させたとき工具に発生
する力 F=(fx, fy, fθ)によって手先剛性 kx, ky, kθを評価できる． 
すなわち 2組の 2自由度リンクの先端にかかる力をそれぞれ
f1(f1x, f1y), f2(f2x, f2y)とおくと，各関節にかかるトルク τ1～4との関
係は 
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xxx  (2) 
となり，剛性 kx=fx /dx , ky=fy /dy , kθ=fθ /dθ が求まった． 
Servomotor 







Tool part Driving part 
Fig1. Concept of hydraulic driven sewage robot  
Fig3. Difference of tool reachable area  
Fig2．Link model of tool part with planar 3DOF 
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全長 171mm，ストローク 50mm，内径 25mm，最大使用圧力
3.5MPaのものを用いる．最大静止トルク 0.3Nmのステッピン





















































 (Driving part) Hydraulic cylinder 






















































Fig4. Expression of stiffness at end tool  
(b) Stiffness ky 
(c) Stiffness kθ 
(a) Stiffness kx 
Fig5. Reachable area and stiffness of cutting tool 
Fig7. Prototype of sewage robot 
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Pipe with 250 mm dia 
θ＝0 ° θ＝90 ° θ＝135 ° θ＝45 ° 
Fig6. 3D model of sewage robot 
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Lock mechanism 
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2013年度精密工学会春季大会学術講演会講演論文集
Copyright Ⓒ 2013 JSPE
－1084－
T04
